Anti-Candida activity of Thymus pulegioides (Lamiaceae) essential oils depends on the plant chemotype

79

Anti-Candida activity of Thymus pulegioides (Lamiaceae) essential oils depends
on the plant chemotype
.

.

Kristina LoŽienE 1*, Jurgita ŠakalytE1, Algimantas Paškevičius1,
Petras R. Venskutonis2
Institute of Botany
Žaliuju Ežerug. 47
LT-08406, Vilnius, Lithuania
1

,

, ,

Department of Food Technology
Kaunas University of Technology
.
Radvilenu pl. 19
Kaunas, LT-3028, Lithuania

2

,

corresponding author: fax: (370-5)2729950, e-mail: kristina.loziene@botanika.lt

∗

Summary
The essential oils isolated from linalool (L), geranial/geraniol/neral (G/G/N) and thymol
(T) chemotypes of Thymus pulegioides L. were investigated for antifungal properties using
pathogenic fungi of Candida species. Tested chemotypes showed different fungicidal activities. The Candida genus was most significantly affected by essential oils of T chemotype
and most weakly affected by essential oil of L chemotype. The G/G/N chemotype showed
the strongest effect on C. albicans CA1 and the weakest on C. parapsilosis CP1. Assessment
of viability of yeast cells showed that cell viability after 60 min. of incubation with different
chemotypes decreased 5 times in comparison with control.
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introduction
The essential oils possess antibacterial [1-4], antifungal [5], antiviral [6-8],
antioxidant [9] and wide spectrum of pharmacological activities [10, 11]. These
properties of essential oils are used in pharmacy [12, 13] and food industry
[14, 15]. The essential oils became officinal drugs in many countries what has
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been documented in their pharmacopoeias [11]. The essential oils have found
the widest use in the treatment of infectious pathologies of the respiratory and
gastrointestinal systems, urinary tract as well as at various skin diseases [13].
Various species of the Thymus genus were reported to be strongly antibacterial
[16-21], antifungal [22-25] and antioxidant [26, 27] activities. These properties
depend on the essential oil composition. Thyme oils are listed in Pharmacopoeias
of Europe, Germany and United Kingdom [11] and used as natural preservatives in
the food industry [28, 29]. The volatile components are important in determining
the biological activity of Thymus species [30-33]. However, chemosystematic investigations revealed the presence of infra-specific variability of essential oil chemical composition in different Thymus species [34]. The chemical polymorphism is
also characteristic to Thymus pulegioides L. growing wild in Lithuania. Six chemotypes were defined for this species according to the main essential oil constituents,
namely thymol, carvacrol/γ-terpinene/p-cymene, thymol/carvacrol/γ-terpinene/pcymene, linalool, geranial/geraniol/neral and α–terpenyl acetate [35-38]. It can be
expected that antimicrobial activities of essential oils from different chemotypes
of T. pulegioides may vary in a wide range.
Candida is a heterogeneous genus containing about a quarter of all yeast
species. It includes not only species of uncertain affiliation but also unrelated
strains whose phylogenetic relationships have not been resolved. Fungi of Candida
species are mainly associated with plants, rotting vegetation as well as insects
feeding on plants or with food. Probably up to 10% of Candida species may be
of medical importance [39]. Candidiasis is mainly caused by Candida albicans.
Although, other species, such as C. tropicalis and C. glabrata, are emerging as
pathogens [40, 41]. The species are commonly present as a saprophyte in human
mucosa. It may become invasive as a result of local or systemic decrease of defense
mechanisms of the host. Deficiency in T-cell number or function, as occurs in
AIDS, leads to (muco)cutaneous candidiasis, whereas neutropenia is an important
factor predisposing to systemic candidiasis [41]. Candida albicans is the cause of
such children diseases as pneumonia, oral candidasis, and nappy rush and can
localize in bloodstream, respiratory tract, skin or mouth [11].
In Lithuania the number of patients suffering from candidiasis has been growing constantly; from 4.34% of all isolated and identified cultures from pathogenic material of patients suffering from dermatomycoses and urogenitalic system
diseases in 1981-1985 to, 7.64% in 1986–1990, 20.0% in 1996-2000 and 24.2 % in
2001–2005 [40]. Various drugs are used for mycosis treatment. Antifungal pharmaceuticals are categorized with dependence on their site of action, mechanism
of action or chemical nature [42, 43]. On the basis of action site antifungal medicines are systemic; they are used to treat deep and topical infections, meaning that
the infection is superficial and occurs on the skin. Considering the mechanism
action, antifungal drugs belong to two groups. Agents of the first group disturb
the cell wall and membrane, and the drugs of the second group act on the intracellular processes [44, 43].
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Natural products of botanical origin are associated with alternative therapies. The
fungicidal activity of tea tree (Melaleuca alternifolia) oil against Candida albicans was analysed [45]. Thirteen of 35 studied medicinal plants containing 1,8-cineole, geranial,
germacrene D, limonene, linalool and menthol in their essential oils possessed the
anti-Candida activity [46]. The lowest minimum inhibitory concentration of thyme oil
against Candida albicans was 0.03% (v/v) [5]. Anise fluid extract showed antimycotic activity against Candida albicans, C. parapsilosis, C. tropicalis, C. pseudotropicalis and C. krusei
with MIC values between 17 and 20% (v/v). No activity was observed against C. glabrata
[47]. The essential oil of leaf from Juniperus oxycedrus ssp. oxycedrus showed remarkable
activity against Candida, particularly, C. krusei, C. glabrata and C. albicans D5 [48].
Therefore, the search of means of natural origin against the Candida genus
pathogenic yeasts is purposeful. The main aim of this study was to examine the
anti-Candida properties of the essential oils of three different T. pulegioides chemotypes.

Material and Methods
The individual parent plants of T. pulegioides were moved from different natural
habitats of Lithuania into the experimental field collection of the Institute of Botany, Vilnius, Lithuania, in 1997, where they were re-planted vegetative and cultivated for nine years. According to the main components of their essential oil, the
plants were previously attributed to chemotypes [49]. Voucher specimens were
deposited in the Herbarium of the Institute of Botany (BILAS, Vilnius, Lithuania);
labeled 60878, 60879 and 60881 for the chemotypes G/G/N, T and L, respectively.
The aerial parts of plants were collected at the flowering stage in the year 2006,
air-dried at room temperature and ground before analysis.
The essential oils were isolated by hydrodistillation in European Pharmacopoeia
apparatus for two hours. They were diluted in diethyl ether (20 µl in 1 ml) and
analysed with Fisons 8261 gas chromatograph with flame ionisation detector
(FID) on a fused silica capillary column DB-5, 25 m, i.d. 0.32 mm, film thickness
0.5 µm. Helium was used as a carrier gas with a flow rate of 1.6 ml/min; detector
temperature was 260°C, oven temperature was programmed from 40°C to 250°C at
the rate of 4°C/min. Split injector was heated at 250°C, split ratio was 15:1. The data
was processed on a DP 800 integrator. For identification essential oils were also
analysed on a HP 5890 (II) instrument equipped with a 5971 series mass selective
detector in the electron impact ionisation mode at 70eV, and the following GC
parameters: split inlet 1:10; helium as carrier gas at a flow rate of 2 ml/min; fused
silica HP5 MS column (Hewlett Packard, crosslinked 5% phenyl methyl silicone) 30
m length, 0.25 mm id, 0.25 µm film thickness, temperature program from 40 to
250°C increasing at 4°C/min. Identification was based mainly on the comparison
of retention indices (Ris) [50, 51] and mass spectra (NIST/EPA/NIH Mass Spectral
Database NBS75K).
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The following Candida genus clinical strains were isolated from the patients
with the diagnosis of dermatomycosis and onychomycosis in Vilnius University
Hospital Santariškiu Klinikos Diagnostic Centre: Candida albicans (CA1) and C. albicans (CA2) (Robin) Berkhout, C. glabrata (H. W. Anderson) S. A. Meyer et Yarrow, C.
parapsilosis (CP1) and C. parapsilosis (CP1.1) (Ashford) Langeron et Talice, C. tropicalis (CT1) and C. tropicalis (CT2) (Castellani) Berkhout. The yeasts were tested for
sensitivity to L, G/G/N and T chemotypes of T. pulegioides L. The yeasts were screened on Sabouraud Agar (Oxoid, England) and Corn Meal Agar (Oxoid, England).
The identification of yeast strains was performed applying methods and diagnostics systems “Candifast“ and “Fungichrom” (International Microbio, France) and
using previously published recommendations [52, 41].
The essential oils from L, G/G/N and T chemotypes of T. pulegioides L. were tested for
their anti-Candida activities. Susceptibility of the test organisms was determined by
employing the standard disk diffusion technique [20]. In addition, fluconazole (Liofilchem, Italy) and nystatin (Liofilchem, Italy) were used as reference antifungal agents.
The studied yeasts were incubated on Sabouraud Dextrose Agar (SDA) (LAB M,
England) for 24 h. Sabouraud Dextrose Agar, sterilized in a flask and cooled to
45–50°C, was distributed to sterilized 90 mm Petri dishes after injecting with
1 ml of yeast cultures (105 cells per ml) and distribution onto the medium in Petri
dishes homogenously. The disks (6 mm) were placed on the agar plates and then
10 µl of essential oil of each chemotype was put on the disks. The dishes were
incubated at 25°C for 48 h. At the end of the period, inhibition zones formed on
the SDA were evaluated in millimeters.
Investigation of viability of yeast cells was performed with the following yeast
species: C. albicans CA1, C. parapsilosis CP1 and C. tropicalis CT1. The yeasts were
grown on Sabouraud Dextrose Agar (LAB M, England) and the inoculum for the
assays was prepared by diluting scraped cell mass in 9% NaCl solution. The yeasts
were isolated by centrifugation at 8000 rpm. Ten µl of essential oil of each chemotype were added into a suspension. The solutions of the yeast cells and essential
oils were incubated at 26 °C for 1, 5, 10, 15, 20, 25, 30 and 60 min in an incubator
shaker. The samples were withdrawn after the time intervals and diluted. Serial
dilutions were performed to obtained the concentration amounting for approximately 105 cells per ml and cultured on SDA for 48 h at 25±2 °C. The tests were
repeated in triplicate. Yeasts colonies were counted after the incubation period
and the total number of viable cells per ml was calculated.
The obtained data were handled using Microsoft Excel XP (mean, standard deviation). The number of viable cells was expressed as a percentage.
,

Results and Discussion
The composition of essential oils of T, G/G/N and L chemotypes of T. pulegioides
is presented in table 1. In total, 43 compounds were identified by capillary GC and

Anti-Candida activity of Thymus pulegioides (Lamiaceae) essential oils depends on the plant chemotype

83
GC/MS. Thymol was the main component of the T chemotype essential oil (37.5%);
the content of its methyl ether was also high (9.8%). The high amount of thymol
in T. pulegioides was established in southern Italy (39.1%) [53]. Thymol possesses
strong antibacterial [3] and antioxidant properties [27, 33]. The studied chemotype was also rich in γ-terpinene (24.7%) and p-cymene (5.3%), which are chemical
precursors of thymol and carvacrol.
Ta b l e 1 .
The composition of essential oils of different Thymus pulegioides L. chemotypes on GC area (%) (T
– thymol, G/G/N – geranial/geraniol/neral, L – linalool chemotypes)
component

Thymus pulegioides L. chemotypes
T

G/G/N

L

α-thujene

1.0

-

-

β-pinene

1.0

0.4

-

1-octen-3-ol

0.3

0.3

1.3

myrcene

2.3

-

-

α-phellandrene

0.4

-

-

α-terpinene

2.2

-

-

p-cymene

5.3

-

0.3

1,8-cineole

0.5

-

-

γ-terpinene

24.7

0.1

-

cis-sabinene hydrate

2.4

0.5

-

terpinolene

0.1

-

0.1

linalool

-

0.4

84.1

camphor

-

0.1

-

borneol

-

1.1

0.4

terpinen-4-ol

0.3

0.2

tr

α-terpineol

-

-

0.7

nerol

-

3.7

0.1

thymol methyl ether

9.8

-

-

neral

-

12.8

-

trans-sabinene hydrate acetate

-

-

2.3

geraniol

-

40.6

-

geranial

-

16.4

-

thymol

37.5

-

-

carvacrol ethyl ether

-

0.2

-

carvacrol

tr

1.8

0.2

α-elemene

tr

0.5

0.1

α-cubebene

0.1

3.2

0.3
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component

Thymus pulegioides L. chemotypes
T

G/G/N

L

β-bourbonene

0.1

0.2

0.1

β-caryophyllene

4.6

9.5

4.0

β-gurjunene

0.3

0.2

0.4

E-iso-eugenol

0.1

0.1

0.2

α-humulene

0.4

0.5

0.4

allo-aromadendrene

0.1

tr

tr

germacrene D

1.0

0.8

1.3

α-muurolene

0.3

-

-

trans-β-guaiene

1.0

0.1

0.2

β-bisabolene

2.8

1.6

0.5

γ-cadinene

0.1

-

-

δ-cadinene

0.2

0.1

-

germacrene B

-

tr

-

spathulenol

tr

tr

-

caryophyllene oxide

0.1

0.9

0.2

α-cadinol
total

tr

-

-

99.0

96.3

97.2

tr: traces ≤0.05%

Geraniol (40.6%), geranial (16.4%) and neral (12.8%) were major components in
the G/G/N chemotype. The biggest content of geraniol (41.1%) in T. pulegioides was
determined in the plants originating from Croatia [54]; its antibacterial activity
was previously reported [32].
The percentage of linalool (84.1%) in L chemotype was exceptionally high: to
our best knowledge the biggest content of linalool (60.2%) was previously reported in T. pulegioides from Slovakia [54], while similar chemotype of T. zygis with
91.4% of linalool was found in Spain [55]. Linalool was examined for its antifungal
[30] and antibacterial properties, particularly against Citrobacter freundii and Clostridium sporogenes [3].
Volatile oil composition of different T. pulegioides chemotypes was monitored in
1998–2002 and it was observed that the contents of thymol, geraniol and linalool
are genetically stable in the studied T, G/G/N and L chemotypes, respectively [49].
Some variation of the mentioned secondary metabolites may depend on various
factors such as the differences in the climatic conditions in different years, e.g. air
temperature, the rainfall, the amount of hours of sunlight [56, 57], exact time of
flowering phase at which the plants were harvested [53].
The results obtained clearly show that the tested chemotypes of T. pulegioides
manifested different fungicidal effects on different pathogenic yeasts of the genus
Candida (tab. 2, fig. 1-3).
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Ta b l e 2 .
The fungicidal effect of the essential oil of different chemotypes of Thymus pulegioides L. on pathogenic
yeasts of the Candida genus (L – linalool, T – thymol, G/G/N – geranial/geraniol/neral chemotypes)
inhibition zone [mm, includes disc diameter (6mm)]
Chemotype of Thymus pulegioides L.
L
T
G/G/N
10µl
10µl
10µl
25±1
28±2.64
42.3±4.72
21.3±16.1
27.3±1.52
21.3±2.3
11.3±2.3
33.6±0.57
14.3±0.57
15.6±5.13
22.6±0.57
11.6±0.57
10±0
22.6±1.15
17±1
6.6±0.57
9±0
22±1.73
10.3±0.57
9.6±0.57
19±1

strain
Candida albicans CA1
Candida albicans CA2
Candida glabrata
Candida parapsilosis CP1
Candida parapsilosis CP1.1
Candida tropicalis CT1
Candida tropicalis CT2

A

control
fluconazole
100 µg
26.7±2.16
20.8±1.16
12.3±4.76
26.5±0.88
22.5±2.35
27.2±4.02
15.4±1.01

nystatin
100 IU
23.3±0.5
21.2±0.66
22.1±2.47
23.3±2.78
20.2±1.2
20.7±1.64
22±0.86

B

C
D
Figure 1. Fungicidal effect of the essential oil of the thymol chemotype of Thymus pulegioides L.: A – Candida
albicans CA1; B – Candida glabrata; C – Candida parapsilosis CP1.1; D – Candida tropicalis CT1 yeasts

The strongest fungicidal effect on Candida yeasts was measured for the T chemotype essential oil (fig. 1). C. glabrata was the species most vulnerable to the T cheVol. 54 No 4 2008
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motype oil. The size of fungicidal zones was 33.6±0.57 mm, as in antifungal agent
fluconazole fungicidal zone was 12.3±4.76 mm. C. tropicalis CT1 and C. tropicalis CT2
were resistant to the essential oil of this chemotype – in this case fungicidal zones
were from 9±0 to 9.6±0.57 mm. Fungicidal effect of the essential oil of the thymol
chemotype of T. vulgaris on C. albicans as assessed by the MIC 80%=0.016 µl/ml was
reported previously [58]. Fungicidal properties of the essential oil are associated with
such phenolic compounds as carvacrol, eugenol and thymol [3]; the latter compound
was abundant in the T chemotype T. pulegioides used in the present study.
The essential oil of the G/G/N chemotype possessed weaker fungicidal effect on
the pathogenic Candida yeasts than the T chemotype essential oil (fig. 2). C. albicans CA1 were most sensitive to the G/G/N chemotype; the size of fungicidal zones
was 42.3±4.72 mm, whereas antifungal agents fluconazole fungicidal zones were
26.7±2.16 and nystatin – 23.3±0.5 mm. The weakest effect was observed in C.
parapsilosis CP1; the size of fungicidal zones was 11.6±0.57 mm (tab. 2). Most likely geraniol present at the level of 40.6% was the strongest antifungal compound
in this chemotype. Its antimicrobial properties were previously reported [32].

A

B

C
D
Figure 2. Fungicidal effect of the essential oil of the geranial/geraniol/neral chemotype of Thymus
pulegioides L.: A – Candida albicans CA1; B – Candida glabrata; C – Candida parapsilosis CP1.1; D
– Candida tropicalis CT1 yeasts
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The essential oil of the L chemotype of T. pulegioides showed the weakest effect on
pathogenic Candida yeasts (fig. 3). The strongest inhibition effect of this chemotype
was observed on C. albicans CA1: the size of fungicidal zones size was 25±1 mm, while C. tropicalis CT1 were the most resistant towards this essential oil, in this case the
fungicidal zones were negligible, 6.6±0.57 mm (tab. 2). It seems that linalool which
was dominating terpene in this chemotype oil (84.1%) was the least effective antifungicidal compound as compared to thymol and geraniol. The contents of some other
components in L chemotype oil were 2-4% (tab. 1). It is very unlikely that these compounds would possess any measurable anti-Candida activity after several dilutions.

A

B

C
D
Figure 3. Fungicidal effect of the essential oil of the linalool chemotype of Thymus pulegioides L.:
A – Candida albicans CA1; B – Candida glabrata; C – Candida parapsilosis CP1.1; D – Candida tropicalis
CT1 yeasts

The viability of the tested pathogenic Candida yeasts after incubation lasting 60
min. with 10 µl of esential oils of the all tested chemotypes of T. pulegioides decreased 5 times in comparison with the control (fig. 4-6). The strongest fungicidal effect
on cells of C. albicans CA1 was manifested by the essential oil of the G/G/N chemotype (fig. 4). After incubation during 25 min the viable cells of C. albicans CA1 were
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absent. After the incubation of C. albicans CA1 cells with the essential oil of the L and
the t chemotype essential oils for 60 min their viability varied from 7.1 to 19.19%.

yeasts cells survival (%)

120
100
80
60
40
20
0

0

1

5

Control

Linalool

10
15
20
time (min)
thymol

25

30

60

geranial/geraniol/neral

Figure 4. effect of the essential oil of different Thymus pulegioides L. chemotypes on viability of
Candida albicans CA1 cells

yeasts cells survival (%)

strong fungicidal activity against C. parapsilosis CP1 cells was exhibited by the
essential oil of the t chemotype (fig. 5). No viable C. parapsilosis CP1 cells were
found after their incubation for 15 min. the g/g/N chemotype needed 60 min. to
eliminate viable cells in the same culture, while L chemotype oil was the weakest
antifungal agent. the viability of C. parapsilosis CP1 cells after 60 min incubation
with L chemotype oil was 19.62%.
120
100
80
60
40
20
0

0

1

5

10

15

20

25

30

60

time (min)
Control

Linalool

thymol

geranial/geraniol/neral

Figure 5. effect of the essential oil of different Thymus pulegioides L. chemotypes on viability of
Candida parapsilosis CP1 cells
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yeasts cells survival (%)

C. tropicalis Ct1 cells were the most resistant to the essential oil of T. pulegioides
chemotypes (fig. 6); after incubation for 60 min with the essential oils of different
chemotypes of T. pulegioides the viability of yeast cells was from 3.17 to 17.07%.
120
100
80
60
40
20
0

0

1

5

10

15

20

25

30

60

time (min)
Control

Linalool

thymol

geranial/geraniol/neral

Figure 6. effect of the essential oil of different Thymus pulegioides L. chemotypes on viability of
Candida tropicalis Ct1 cells

the infraspecific chemical polymorphism is characteristic for the species of Thymus genus. therefore, the investigations at chemotypes level are needed because
the essential oils of different chemotypes have different chemical composition
which may determine the different biological activity. the results of the present
study suggest that the essential oils of T. pulegioides chemotypes characterize different fungicidal activities against pathogenic yeasts of the Candida genus. these
results corroborate the importance of investigations of T. pulegioides chemotypes
for possible phytotherapeutical use.

reFerences
1.
2.
3.
4.
5.
6.
7.

Deans sg, ritchie g. Antibacterial properties of plant essential oils. intern J Food microbiol 1987;
5:165-80.
shapiro s, meier A, King J. the antibacterial activity of essential oils and essential oil components
towards oral anaerobes. oral microbiol immun 1994; 9:202-8.
Dorman HJD, Deans sg. Antimicrobial agents from plants: antibacterial activity of plant volatile oils. J
Appl microbiol 2000; 88:308-16.
schelz Z, molnar J, Hohmann J. Fitoterapia 2006; 77:279-85.
Hammer KA, Carson CF, riley tV. Antimicrobial activity of essential oils and other plant extracts. J Appl
microbiol 1999; 86:985-90.
schnitzler P, schön K, reichling J. Antiviral activity of Australian tea tree oil and eucalyptus oil against
herpes simplex virus in cell culture. Pharmazie 2001; 56:343-7.
schuhmacher A, reichling J, schnitzler P. Virucidal effect of peppermint oil on the enveloped viruses
herpes simplex virus type 1 and type 2 in vitro. Phytomedicine 2003; 10:504-10.

Vol. 54 No 4 2008

.
.
K. Ložiene , J. Šakalyte, A. Paškevičius, P. R. Venskutonis

90
8. 	Reichling J, Koch Ch, Stahl-Biskup E, Sojka C, Schnitzler P. Virucidal activity of a ß-triketone-rich essential
oil of Leptospermum scoparium (manuka oil) against HSV-1 and HSV-2 in cell culture. Planta Med 2005;
71:1123-7.
9. 	Madsen HL, Bertelsen G. Spices as antioxidants. Trends Food Sci Technol 1995; 6:271-7.
10. Lis-Balchin M, Deans SG, Eaglesham E. Relationship between bioactivity and chemical composition of
commercial essential oils. Flav Fragr J 1998; 13:98-104.
11. Pauli A, Schilcher H. Specific selection of essential oil compounds for treatment of chidren‘s infection
diseases. Pharmaceuticals 2004; 1:1-30.
12. Lis-Balchin M, Deans SG. Bioactivity of selected plant essential oils against Listeria monocytogenes. J Appl
Bacteriol 1997; 82:538-44.
13.	Rios JL, Recio MC. Medicinal plants and antimicrobial activity. J Ethnopharmacol 2005; 100:80-4.
14.	Mishra AK, Dubey NK. Evaluation of some essential oils for their toxicity against fungi causing
deterioration of stored food commodities. Appl Environ Microbiol 1994; 60:1101-5.
15. Burt S. Essential oils: their antibacterial properties and potential application in foods. Intern J Food
Microbiol 2004; 94:223-53.
16. Cruz T, Cabo MP, Cabo MM, Jimenez J, Cabo J, Ruiz C. In vitro antibacterial effect of the essential oil of
Thymus longiflorus Boiss. Microbios 1989; 60:59-61.
17. Crespo ME, Jimenez J, Gomis E, Navarro J. Antibacterial activity of the essential oil of Thymus serpylloides
subspecies gadorensis. Microbios 1990; 61:181-4.
18.	Tzakou O, Verykokidou E, Roussis V, Chinou I. Chemical composition and antibacterial properties
of Thymus longicaulis subsp. Chaoubardii oils: Three chemotypes in the same population. J Essent Oil
Res1998; 10:97-9.
19.	Rasooli I, Mirmostafa SA. Antibacterial properties of Thymus pubescens and Thymus serpyllum essential
oils. Fitoterapia 2002; 73:244-50.
20.	Rasooli I, Mirmostafa SA. Bacterial susceptibility to and chemical composition of essential oils from
Thymus kotschyanus and Thymus persicus. J Agric Food Chem 2003; 51:2200-5.
21. Pióro-Jabrucka E, Suchorska-Tropiło K, Rzewuska M. Antibacterial activity of the essential oil of common
thyme (Thymus pulegioides L.) and wild thyme (Thymus serpyllum L.). Herba Pol 2007; 53:297-301.
22. Curtis OF, Shetty K, Cassagnol G, Peleg M. Comparisons of the inhibitory and lethal effects of synthetic
versions of plant metabolites (anethole, carvacrol, eugenol and thymol) on a food spoilage yeast
(Debaromyces hansenii). Food Biotechnol 1996; 10:55-73.
23.	Reddy MVB, Angers P, Gosselin A, Arul J. Characterization and use of essential oil from Thymus vulgaris
against Botrytis cinerea and Rhizopus stolonifer in strawberry fruits. Phytochemistry 1998; 47:1515-20.
24. Juliano C, Mattana A, Usai M. Composition and in vitro antimicrobial activity of the essential oil of
Thymus herba-barona Loisel growing wold in Sardinia. J Essent Oil Res 2000; 12:516-22.
25. Karaman S, Digrak M, Ravid U, Ilcim A. Antibacterial and antifungal activity of the essential oils of
Thymus revolutus Celak from Turkey. J Ethnopharmacol 2001; 76:183-6.
26. Kuresh AY, Stanley GD. Dietary supplementation of thyme (Thymus vulgaris L. ) essential oil during
lifetime of the rat: its effects on the antioxidant status in liver, kidney and heart tissues. Mech Aging
Dev 1999; 109:163-75.
.
.
27. Ložiene K, Venskutonis PR, Šipailiene A, Labokas J. Radical scavenging and antibacterial properties of
the extracts from different Thymus pulegioides L. chemotypes. Food Chem 2007; 103:546-59.
28. Conner DE, Beuchat LR. Effects of essential oils from plants on growth of food spoilage yeast. J Food Sci
1984; 49:429-34.
29.	Economou KD, Oreopoulou V, Thomopoulos CD. Antioxidant activity of some plant extracts of the
family Labiate. JAOCS 1991; 68:109-12.
30. Kubo I, Himejima M, Muroi H. Antimicrobial activity of flavor components of cardamom Elattaria
cardamomum (Zingiberaceae) seed. J Agric Food Chem 1991; 39:1984-6.
31.	Suresh P, Ingle VK, Vijayalakshima V. Antibacterial activity of eugenol in comparison with other
antibiotics. J Food Sci Technol 1992; 29:254-6.
32. Kim JM, Marshall MR, Cornell JA, Preston JF, Wei CI. Antibacterial activity of carvacrol, citral and geraniol
against Salmonella typhimurium in culture medium and on fish cubes. J Food Sci 1995; 60:1364-8.
33.	Yanishlieva NV, Marinova EM, Gordon MH, Raneva VG. Antioxidant activity and mechanism of action of
thymol and carvacrol in two lipid systems. Food Chem 1999; 64:59-66.

Anti-Candida activity of Thymus pulegioides (Lamiaceae) essential oils depends on the plant chemotype

91
34.	Thompson JD, Manicacci D, Tarayre M. Thirty-Five years of thyme: A tale of two polymorphisms. Why
so many females? Why so many chemotypes? BioScience 1998; 48:805-15.
.
.
35.	Mockute D, Bernotiene G. The main citral-geraniol and carvacrol chemotypes of the essential oil of
Thymus pulegioides L. growing wild in Vilnius district (Lithuania). J Agric Food Chem 1999; 47:3787-90.
.
.
36.	Mockute D, Bernotiene G. The α–terpenyl acetate chemotype of essential oil of Thymus pulegioides L.
Biochem Syst Ecol 2001; 29:69-76.
.
.
37. Ložiene K, Venskutonis PR, Vaičiuniene
J. Chemical diversity of essential oil of Thymus pulegioides L. and
Thymus serpyllum L. growing in Lithuania. Biologija 2002; 1:62-4.
.
.
38. Ložiene K, Vaičiuniene
J, Venskutonis PR. Chemical composition of the essential oil of different varieties
of thyme (Thymus pulegioides L.) growing wild in Lithuania. Biochem Syst Ecol 2003; 31:249-59.
39.	Schauer F, Hanschke R. Taxonomy and ecology of the genus Candida. Mycoses 1999; 42:12-21.
40. Paškevičius A. Distribution of the genus Candida yeasts among patients with fungal skin infections.
.
Laboratorine medicina 2001; 2:23-7.
41. Hoog GS, Guaro J, Gene J et al. Atlas of clinical fungi. Centraalbureau voor Schimmelcultures, 2000.
.
42. Paškevičius A, Marčiukaitiene I, Lauraitis J. Fungicidal effect of butenafine hydrochloride on most often
isolated causative agents of dermatomycoses in Lithuania. Laboratorinë medicina 2004; 2:15-18.
43. Carrillo-Muñoz AJ, Giusiano G, Ezkurra PA, Quindós G. Antifungal agents: Mode of action in yeast cells.
Revista española de quimioterapia 2006; 19:130-9.
44. Letscher-Bru V, Herbrecht R. Caspofungin: the first representative a new antifungal class. J Antimicrob
Chemother 2003; 51:513-21.
45. D’Auria FD, Laino L, Strippoli V, Tecca M, Salvatore G, Battinelli L et al. In vitro activity of tea tree oil against
Candida albicans mycelial conversion and other pathogenic fungi. J Chemother 2001; 13:377-83.
46. Duarte MCT, Figueira GM, Sartoratto A, Rehder VLG, Delarmelina C. Anti-Candida activity of Brazilian
medicinal plants. J Ethnopharmacol 2005; 97:305-11.
47. Kosalec I, Pepeljnjak S, Kustrak D. Antifungal activity of fluid extract and essential oil from anise fruits
(Pimpinella anisum L., Apiaceae). Acta Pharm 2005; 55:377-85.
48. Cavaleiro C, Pinto E, Gonçalves MJ, Salgueiro L. Antifungal activity of Juniperus essential oils against
dermatophyte, Aspergillus and Candida strains. J Appl Microbiol 2006; 100:1333-8.
.
49. Ložiene K, Venskutonis PR. Influence of environmental and genetic factors on the stability of essential
oil composition of Thymus pulegioides. Biochem Syst Ecol 2005; 33:517-25.
50. Adams RP. Identification of essential oil components by gas chromatography/quadrupole mass
spectrometry. Carol Stream, IL: Allured Publishing Corporation, 2001.
51. Davies NW. Gas chromatographic retention indices of monoterpenes and sesquiterpenes on methyl
silicone and Carbowax 20M phases. J Chromatogr 1990; 503:1-24.
52. Kurtzman CP, Fell JW. The yeasts, a taxonomic study. Elsevier Science BV, 1998.
53.	Senatore F. Influence of harvesting time on yield and composition of the essential oil of a thyme (Thymus
pulegioides L.) growing wild in Campania (Southern Italy). J Agric Food Chem 1996; 44:1327-32.
54.	Mártonfi P. Polymorphism of essential oil in Thymus pulegioides subsp. chamaedrys in Slovakia. J Essent
Oil Res 1992; 4:173-9.
55.	Sàez F. Essential oil variability of Thymus zygis growing wild in southeastern Spaun. Phytochemistry
1995; 40:819-25.
56.	McGimpsey JA, Douglas MH, van Klink JW, Beauregard DA, Perry NB. Seasonal variation in essential oil
yield and composition from naturalized Thymus vulgaris L. an New Zealand. Flav Fragr J 1994; 9:347-52.
57. Boira H, Blanquer A. Environmental factors affecting chemical variability of essential oils in Thymus
piperella L. Biochem Syst Ecol 1998; 26:811-22.
58.	Giordani R, Regli P, Kaloustian J, Mikaïl C, Abou L, Portugal H. Antifungal effects of various essential
oils against Candida albicans. Potentiation of antifungal action of amphotericin B by essential oil from
Thymus vulgaris. Phytother Res 2004; 18:990-5.

Vol. 54 No 4 2008

.
.
K. Ložiene , J. Šakalyte, A. Paškevičius, P. R. Venskutonis

92
Działanie olejków eterycznych Thymus pulegioides (Lamiaceae) na grzyby
Candida zależne od chemotypu rośliny
.

.

Kristina LoŽienE 1*, Jurgita ŠakalytE1, Algimantas Paškevičius1,
Petras R. Venskutonis2
1
Instytut Botaniki
Žaliuju Ežerug. 47
LT-08406 Wilno, Litwa

,

, ,

Wydział Technologii Żywności
Politechnika Kowieńska
.
Radvilenu pl. 19
LT-3028 Kowno, Litwa
2

,

autor, do którego należy kierować korespondencję: faks: (370-5)2729950,
e-mail: kristina.loziene@botanika.lt
∗

Streszczenie
Badano właściwości przeciwgrzybicze olejków eterycznych uzyskiwanych z następujących
chemotypów Thymus pulegioides L.: linaololu (L), geraniolu/geranialu/neralu (G/G/N) i tymolu
(T) przy użyciu grzybów patogenicznych z gatunku Candida. Badane chemotypy wykazały
różne rodzaje działań przeciwgrzybiczych. Na grzyby z gatunku Candida najsilniej działały
olejki eteryczne chemotypu T a najsłabiej olejki chemotypu L. Chemotyp G/G/N działał
najsilniej na C. albicans a najsłabiej na C. parapsilosis CP1. Z oceny wynika, że żywotność
komórek drożdży po 60 min inkubacji z różnymi chemotypami była pięciokrotnie krótsza
w porównaniu z kontrolą.
Słowa kluczowe: Thymus pulegioides L., chemotypy, olejki eteryczne, Candida, działanie przeciwgrzybicze

